Abstract
INTRODUCTION
The power quality problems in the distribution and generation system are due to non-linear loads, which is a matter of important concern. These power quality problems heavily damage the source generator. In recent days, power electronic devices with active and passive power compensation are used to overcome these power quality issues. The reactive power problems are compensated by flexible AC transmission system (FACTS) devices. If the power quality issues were not solved, then this would affect the stability of the power system. In order to mitigate these power quality problems, a shunt active power filter is used [1] . With this type of filter only source current compensation is achieved. Synchronous reference frame theory is used for generating reference current and source current harmonic reduction. But these types of shunt active power filters cannot be used for voltage compensation. These drawbacks are overcome by the static synchronous compensator (STATCOM) [2] . High voltage stress is produced by the three-phase voltage source inverter (VSI) in a shunt active filter. However, by means of the static synchronous compensator such voltage stress can be reduced by using external DC sources [3] . The solution to improve the power quality at the load side is of great importance when the production processes get more complicated and which includes providing energy without interruption require a higher liability level, without harmonic distortion and with tension regulation between very narrow margins [4] . A photovoltaic (PV) based static synchronous compensator (STATCOM) reduces voltage stress in the three-phase voltage source inverter (VSI). But only source current compensation is possible with static synchronous compensator (STATCOM) devices.
These drawbacks of the static synchronous compensator (STATCOM) and the shunt active power filter are overcome by a new unified power flow controller (UPFC), which consists of the series and the shunt compensator [5] to regulate load voltage and to preserve sinusoidal grid current at the unit power factor at the same time. A unified power flow controller (UPFC) is recognized as the most versatile and complex device among all (Flexible AC Transmission System ) FACTS devices as reference pulse generation is the major task in a unified power flow controller. The unified power flow controller consisting of two multifunctional voltage source converters (VSC) whose primary function is to control the power flow and secondary functions is voltage regulation. The unified power flow controller with reference current generation techniques [6] reduces most of the source current harmonics better than the above two methods. But, DC link voltage control techniques were not used; hence voltage stability problems increased. In [7] and [8] , the unified power flow controller is utilized for reactive power compensation with synchronous reference frame (SRF) theory and the power swing characteristics are followed by current control theories, but the main drawback of this system is uncompensated DC voltage. This drawback may be overcome by the proposed research idea.
The reference current is generated from the source voltage and current using direct-quadrature (D-Q) theory. The DC link voltage is controlled by using PI and fuzzy logic based controllers. In [9] , a fuzzy logic controller is proposed to overcome the problems of the existing unified power flow controllers (UPFC) and it provides dynamic power flow control in transmission lines. To produce a relatively fast response and hence to reduce the interaction between real and reactive power flows, a control scheme for a uni- 
PROPOSED UPFC SYSTEM DESIGN
The UPFC system consists of two converters, namely the SSSC (Static Synchronous Series Compensator) and the STATCOM (Static Synchronous Compensator)
The series compensator is linked in series with the transmission line using a series transformer. This converter converts AC voltage into DC voltage and this voltage is stored in the capacitor. The shunt converter converts stored DC voltage into three-phase alternating voltage. This voltage is fed into non-linear load through the transformer. D-Q theory generates the reference current from input source voltage and current. The hysteresis current controller compares the actual and the reference current to produce a PWM pulse. This pulse is fed into the shunt converter.
Similarly, reference voltage and actual voltages are compared and the error is PWM pulses. These pulses are fed into the series converter. The PI controller and fuzzy logic controllers maintain constant DC voltage in the capacitor with the help of the series converter. Figure 1 shows the UPFC block diagram. Here, the UPFC works by voltage control mode. This UPFC system achieves both voltage and current compensation, i.e., it does both shunt and series compensator work. Opposite harmonics are injected in the PCC through the shunt converter.. Three-phase source current is represented as follows:
Apparent power is given as:
The D-Q theory general equation is given as: (5) 0, 1, and 2 represent zero, positive and negative sequence powers, respectively, and the total power injected to the grid is calculated as: (6) The terms P and Q term represent real and reactive power of the transmission system, respectively.
Input three-phase voltage and currents are transformed to αβ0 parameters by using Clarke transformation. The reference signal from D-Q theories is calculated for UPFC as follows:
The reference signals from source voltage and currents are extracted by using Park and Clarke transformations. These reference signals are compared with the actual value by means of a hysteresis comparator. The output of the hysteresis current controller are PWM pulses, which are fed into the series and the shunt converter. PI and fuzzy logic controllers maintain DC link voltage at a constant value. The proposed system results are validated using MATLAB simulation.
The function of the DC voltage controller is to monitor the actual Vdc across the capacitor and compute the error as the difference between the actual Vdc and the set Vdc. This error is fed as input into the PI controller, where the deviation in the DC voltage is calculated. The output of the PI controller is treated as the reference for the real component of current drawn by UPFC. These two reference quantities are compared with the actual quantities in a cross-coupled controller. Thus capacitor voltage is tracked and maintained as a constant by using a PI controller.
The fuzzy logic block consists of two inputs and one output. The first input is the error and the other input is a rate of error which is one sampling before error values. For all transmission line parameters, input and output membership functions are named similarly. The FL controller consists of 3 steps, namely fuzzification, the rule base system and defuzzification. Here, fuzzification is carried out through the slope equation. All membership functions of FL controllers consist of triangular based membership functions as they provide smooth control. Fuzzy based input and output membership functions are formed by using a 1-D array. Defuzzification is carried out through a weighted average to convert the fuzzy linguistic variable into real crisp values. The main use of the fuzzy control system is its effective dependency on empirical rules. Fuzzy systems are easily enhanced by including new rules or new features to improve their performance. Fuzzy control is used to improve the existing control systems by adding a layer of intelligence to the current control method.
SIMULATION RESULTS AND DISCUSSION
The proposed UPFC work is implemented by using Matlab simulation and the shunt and series converter is developed by the IGBT device. This system is developed with 100 V AC and this source voltage is given to the non-linear load. In this system, a diode bridge rectifier and inductive loads are used as best non-linear loads. This non-linear load causes heavy harmonics in the source current, the proposed UPFC system reduces the harmonics and maintains the stability in the power system. Figure 4 shows an AC source current waveform, which has higher order harmonics, but the UPFC system reduces the source current harmonics. Figure 6 shows a sinusoidal load current waveform after the harmonics are reduced by the shunt converter in the load and source side. The UPFC system increases active power and reduces reactive power. Active and reactive powers at the source side, the load side, the series converter and the shunt converter, are shown in the following figures, respectively. While increasing reactive power of the transmission system due to a non-linear load, the series converter absorbs the power from the PCC and it is backed up in the DC link capacitor.
In the meantime, the shunt converter injects active power in the PCC through the shunt transformer. Figures 12 and 13 show the series and shunt converter power waveforms, respectively. A D-Q theory based UPFC system reduces source current harmonics and current harmonics should obey the IEEE512 power quality standard. Figure 15 shows the source current THD waveform.
CoNCLUSIoNS
D-Q mathematical models for a unified power flow controller have been simulated by MATLAB. Unbalanced input voltage with a different non-linear load is tested in this paper. The DC link voltage is maintained constant by using PI and fuzzy logic based controllers. This reduces reactive power problems and increases active power. The series converter absorbs reactive power and the shunt converter injects power in the PCC, i.e. both voltage injection and absorption takes place due to this UPFC. Source current harmonics are reduced by using D-Q theories. This minimizes source current harmonics by 2.55%. Its performance is satisfactory in a normal working environment with a fast frequency response. It is also proved to be the most reliable method with harmonic values that are less than the IEEE standard.
However, certain modifications and developments can be carried out to implement a complex control system which involves intensive computational calculations. But optimization techniques such as artificial neural networks or a genetic algorithm can be studied to reduce the mathematical implementation in the design of a complex controller.
